A life-span study with 900 female virgin Han:NMRI mice (300 outbred controls, 300 of a fat subline and 300 of a lean subline) was carried out to determine the occurrence of spontaneous diseases with ad libitum or restricted feeding. Rare non-neoplastic lesions of the lungs (1-8%) were secondary innammations, focal ossification and subintimal arterial 'plaques'.
In contrast to the vast literature on spontaneous neoplastic lesions in mice, only limited published data are available on the age-associated incidence of non-neoplastic morphological changes (Burek, Molello & Warner, 1982) . Major non-neoplastic pulmonary lesions described in mice are adenomatosis (Horn, Congdon, Eschenbrenner, Andervont & Stewart, 1952; Rabstein, Peters & Spahn, 1973) , crystalline deposits (Green, 1942; Yang & Camp-. bell, 1964; Ward, 1978) , amyloid (West & Murphy, 1965; Homburger et al., 1975) , calcinosis (Highman & Daft, 1951) and lymphocytic accumulations (Ward, Goodman, Squire, Chu & Linhart, 1979; Frith, Highman, Burger & Sheldon, 1983) . Agerelated cysts or gland-like structures of the tracheobronchial tree have been reported by Nettesheim & Martin (1970) and Kawamata & Fujita (1983) . The present study reports morphology and incidence of age-dependent non-neoplastic pulmonary pathology and describes the occurrence of crystals in the upper respiratory airways of female Han:NMRI mice.
Material and methods A life-span study on spontaneous mortality and
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diseases was carried out on a total of 900 female virgin Han:NMRI mice which were composed of 3 groups: 300 mice of a fat subline (originally selected for high body mass at 4 weeks of age), 300 mice of a lean subline (selected for low body fat content of the parents) and 300 outbred control animals (nonselected). For detailed description of maintenance conditions and experimental procedures see Rehm,
Nitsche & Deerberg (1985) . The animals were checked daily and necropsies were performed on those found dead or moribund.
Various organs, including the lungs, as well as all altered tissues were fixed in lO'}'o formalin and embedded in paraffin wax for histology. Studies were carried out on 2-4 51lm thick sections stained with haematoxylin and eosin (H&E). At least 2 lobes of each lung appearing grossly normal were sectioned besides any obviously altered lung tissue. By longitudinal sections through the upper part of the trachea it was possible to examine the thyroid and the tracheal mucosa of this region. In addition, forty representative noses were decalcified, embedded in paraffin wax and sectioned and stained as above. Selected slides were stained with Alcian blue-periodic acid Schiff reaction (AB & PAS), periodic acid Schiff reaction-haematoxylin (PAS & H) or with toluidine blue by the method of van Gieson. Semi-thin (1 Ilm), glycol methacrylate sections (Kulzer & Co, Friederichsdorf, FRG) .were made from representative organs and stained with toluidine blue, silver methenamine and AB & PAS (Gerrits & Smid, 1983) . Animals and organs were not considered for evaluation if histological diagnosis could not be performed for reasons of autolysis or cannibalism.
Statistical calculations were carried out by the 2 x 2 chi-square test (Snedecor & Cochran, 1976) .
Results
With few exceptions the spontaneous non-neoplastic pulmonary lesions found in female Han:NMRlmice are shown in Table I . Lymphocytic accumulations and other arterial lesions are not considered in this paper as they appear to be systemic events and will be dealt with separately. 
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Arterial 'plaques'
A lung-specific lesion named arterial 'plaque' seemed to develop within the tunica media of medium and large arteries ( Fig. lA) . Occasionally sparse cells. presumably fibrocytes, were observed (Fig. lB) . The accumulation of PAS-positive granular material and collagenous fibres led to protrusions into the arterial lumen covered only by the endothelium (Fig. IC) . Most of the 'plaques' possessed central areas of coarse mineralizations ( Fig.  10 ). Inflammatory reactions were absent. The size of this lesion seemed to be limited by the diameter of the vessel as the protrusions never seemed to block the artery. Serial sections showed that a single lobe could contain 2-4 'plaques' at different sites.
Due to small numbers it was difficult to assess differences in incidence between animal groups or whether the lesion was influenced by age or food restriction.
Mineralizations
Small concentrically laminated foci of mineralization similar to psammoma bodies were observed in the alveolar lung parenchyma. They appeared to be of no clinical significance.
A notable incidence occurred only after 2 years of age (Table 2) and not only did the number of affected animals increase but also the number of lobes involved and the foci found in each section. There was no effect of feeding regime on frequency, and food restriction did not influence development of mineralization. However. as these animals reached a higher age than the ad libitum-fed mice, the total incidence was higher in the restricted-fed groups (P < ·01 for the control and lean animals). Besides the concentric mineralizations, 3 mice were seen with focal or diffuse calcification of pulmonary basement membranes and 1 animal had severe calcinosis of the entire lung.
Crystal formation
Crystals varying in size and location were found in the lungs and in the distal as well as proximal airways.
They stained eosinophilic with H&E, black-blue with toluidine blue and were AB & PAS-negative.
Lungs
In the lung parenchyma the most frequent observation was a few splinter-like crystals surrounded by macrophages ( Figs. 2 and 3) . In approximately 25% of all cases crystal formation was diagnosed as moderate and 6% as severe. The latter were particularly associated with bronchopneumonia or large carcinomas or severe leukaemic growths, and were accompanied by an 'acidophilic macrophage pneumonia'. This alteration was characterized by an accumulation of small mononuclear , large multinucleated cells and foreign body giant cells within alveoli and bronchi. The cytoplasm of these cells was laden with tiny crystals and possessed vacuoles ( Fig. 4 ). Fig. 5 shows the increasing incidence with age of lesions with more than 2-3 crystals in pulmonary sections; the onset being slightly delayed by food restriction particularly in the fat group. 3 mice fed ad libitum surviving beyond the age of 30 months were not considered as a separate age group. In total, from 1-30 months the incidence was similar for each animal group under either feeding regime, i.e. control group 5%. fat group 18%, and lean group 11%. As, however, 8-25% of the restricted-fed mice outlived those fed ad libitum with a consequent increase in the incidence of lung crystals, the overall frequency was higher in the restricted-fed mice ( Fig. 6 ) compared with ad libitum feeding (P < 0·01 in the control groups; P < 0·05 in the lean groups). Although the sublines had a shorter life span than the controls, more crystals were observed in the fat and lean mice (ad libitum feeding: fat versus control group P < ·01). The total incidence of lung tumours is shown in Fig. 6 . Lung tumours and crystal formation were not always associated, although there seemed to be a tendency for this to occur with ad libitum feeding: Trachea and bronc/Ii. Mucosal invaginations of the major bronchi and trachea gave rise to cystic formations containing cell debris, fluid secretions, concentrically laminated material and crystals (Figs. 7 and 8). The crystals were mainly surrounded by PAS-positive fluids but also by laminated material. Exceptionally small crystals were seen in the cytoplasm of what appeared to be monocytes (Fig, 8) . From the cysts crystals were transported by ciliary movements into the tracheal lumen ( Fig. 9 ).-The incidence of tracheobronchial crystals was not recorded but they were a common finding in aged mice.
Nose. With 3 exceptions, all noses investigated
possessed intra-and extraepithelial crystals. 3 mice free of nasal crystals were also free of pulmonary crystals. The youngest animals were 7 months old. The severity of crystal formation in the noses varied. Generally the degree of involvement correlated with the number of pulmonary crystals. However, this was not always the case as severe lung involvement was seen when there were only a few nasal crystals. Shape, size and localization of crystals in the nasal structures is shown schematically in Figs. lOA and lOB. The smallest crystalline elements were located in the apical cytoplasm of ciliated cells and within other more basally oriented cells of the pseudostratified columnar respiratory epithelium (Figs, lOA and 11) . From invaginations of the epithelium short,- slender crystals seemed to be shed into the nasal cavities together with secretions and cell debris ( Figs. lOB and 12) . Larger crystals were found lying partly within the epithelial layer sticking out in all directions above the cellular surface ( Figs. 13 and  14) . They seemed to be held in place by an AS-positive pseudomembrane covering the nasal lining over large areas.
The cilia below the pseudomembrane were masked by secretions and particles. but again. readily visible after disruption of the membrane. Besides splinter-like crystals, less rigid forms with a ribbon-like appearance were noted (Fig. lOB) . In the nasal cavities crystals were lying either free or clumped together with secretions ( Fig. 15 ). 
Mineralizations
The focal pulmonary mineralizations resembling psammoma bodies were morphologically similar to those observed in the ovaries and mammary gland of these mice. Eaton, Custer, Johnson & Stabenow (1978) mention these concretions with an incidence of 0·2% in C}H mice. We can confirm their observation that this alteration occurs within alveolar wall capillaries. Alveolar calcinosis as described by Highman & Daft (1951) was not seen. An
Arterial 'plaques'
The arterial 'plaques' found in female Han:NMRI mice were limited to the lung and showed no similarity to, nor were they associated with, polyarteritis occurring in various other organs. We found no description of these in other mammals and it 
Discussion
Caesarean-derived barrier-maintained laboratory animals are generally free of infectious lung disease. Inflammatory reactions found in these animals are mainly secondary and associated with the presence of ubiquitous germs such as staphylococci, streptococci and E. coli. The lung abscess found in the present study was probably metastatic from a jaw infection and the cases of bronchopneumonia were due to obstructive neoplastic growth associated with the inhalation of particles from the feed and bedding. Pleuritis was diagnosed and found in association with a haemorrhagic hydrothorax, a disease entity of unknown aetiology. The incidence of most of these non-generalized minor pulmonary lesions can only represent a general tendency. The exact frequency could only be established if serial sections through the lungs were examined.
2 mice were found with a focal area of ossification. Rare bone formations were also observed in other organs of Han:NMRI mice (kidney, ovary) and are probably comparable with the nodular circumscribed type of pulmonary ossifications seen in humans (Cremer, Gramann & Koischwitz, 1978) . Innes, Yevich & Donati (1956) ascribed this to inspired fragments of bone from fishmeal used in the preparation of food pellets.
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--- 6 . Total incidence of female Han:NMRI mice with pulmonary crystals (bars). Line represents total incidence of lung tumours. Fig. 7 . Tracheal cyst containing secretory fluid and crystals.
(Glycol methacrylate, toluidine blue x (145) increasing incidence of soft tissue calcification with age has also been reported in other organs in mice (Rings & Wagner, 1972; Eaton et al., 1978) . In contrast to cardiac calcinosis, not present in Han:N-MRI mice, no direct dietary influence on the incidence of concentric alveolar concretions was observed (Ball & Williams, 1965; Rings & Wagner, 1972; Eaton et aI" 1978) .
Crystal formation
Intra-and extracellular crystals in the lungs of mice have frequently been reported (Green, 1942; Dunn & Andervont, 1963; Yang & Campbell, 1964; Rabstein, Peters & Spahn, 1973; Rowlatt, Chesterman & Sheriff, 1976; Ward, 1978; Zurcher, van Zwieten, Solleveld & Hollander, 1982; Frith et al., 1983) and the nature of this lesion remains obscure. The crystalline material most probably is a protein (Green, 1942) , contains RNA (Yang & Campbell, 1964) and the formation could be a result of a lysosomal defect (Ward, 1978) . In the motheaten mouse, crystal laden cells in the lungs represent an independent disease causing death by 7 weeks of age (Ward, 1978) . In other strains of mice the appearance of crystals and their extent has been correlated with lung tumour volume and inflammatory reactions (Green, 1942; Yang & Campbell, 1964) . The higher incidence of lung crystals in the Han:NMRI sublines could possibly be related to genetical differences (Rehm, Rapp & Deerberg, 1985) . In contrast to pulmonary crystals only 1 report has been found on crystals within the gland-like structures of the tracheobronchial epithelium (Net- Kerjaschki, 1974) .
Even though there seems to be a paucity of reports on nasal crystals, we do not believe them to be specific for Han:NMRI mice. Unfortunately, the anterior airways were investigated only after histological examination had been completed and so no data on the age-dependent development or incidence are available. Nevertheless, crystal formation in the nose seems to be a frequent event and not limited to old animals.The pseudomembrane found covering nasal areas could represent condensed secretion products bene'ath which material is transported by ciliary movements.
As described for crystal formation in the lungs (Ward, 1978) , crystals in the nasal cavities develop initially within the cytoplasm growing larger and eventually disrupting the cell membrane. Large crystals could be formed by confluency of small crystals (Green, 1942) or directly within secreted material and cell debris, the last two being enhanced in lungs affected by other disease processes. Isolated pulmonary crystals in otherwise normal lungs probably originate by inhalation from the gland-like structures of the tracheobronchial mucosa and from the nose. Successively they are trapped and digested by macrophages (Sorokin & Brain, 1975) . As morphology and staining reactions of crystals in the upper and lower respiratory tract are very similar, the underlying pathogenic mechanisms will probably be the same. Schleimhaut als auch intraund extraepithelial in den Nasenh6hlen.
